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FOREWORD

During the past several years lowans have become increasingly concerned about
Iowa's groundwater resources, Underground storage tanks, landfills, fertiliz-
ers and pesticides, and the present and past management of hazardous substances
are all viewed as threats to the groundwater resources of the state. Iowans'
concern for groundwater contamination is widespread and is based on the know-
ledge that groundwater is vital to their lives., Iowans recognize the problem
and are demanding action, Significantly, they acknowledge their role in the
problem and their responsibility to participate in the solutions.

In the face of increasing evidénce of groundwater degradation, the Environmental
Protection Commission is submitting the Iowa Groundwater Protection Strategy
1987 to the General Assembly. The Strategy contains twenty-seven recommenda-
tions that may be implemented over the next ten years. State and tocal agen-
cies should begin at once to build upon the current level of interest and make
a strong commitment to the ideas contained in this Strategy. Adequate long-term
funding must be developed to assure implementation. The time is right to take
bold steps in a direction for p011c1es and programs that will protect Iowa's
groundwater resources,

The Environmental Protection Commission has attempted to incorporate a reason-
able approach to protection of the resource while allowing for activities that
make use of best management practices and best available technologies to mini-
mize environmental impacts. Further, the Strategy attempts to build an infor-
mation base so that current practices can be improved upon and so that we can
be assured of better resource protection. When viewed as a whole, the Strategy
recognizes that the very presence of human activities has impacts upon the en-
vironment and the quality of groundwater. It also recognizes that we can do
more to protect water quality and that society is demanding that we do more,
The Strategy represents a blend of research, public education, legal sanctions,

incentive programs and common sense. The proposals strike an appropriate ba]-
ance between the needs of society today and the need to preserve and protect a
very important natural resource for future generations,

The Strategy outlines a $230 million program spread through ten years. The
Environmental Protection Commission recommends that $37 million from the 0il
Overcharge Settlement Funds be applied to eligible, high-priority portions of
the Strategy. Additional public and private financial resources should be
jdentified as a part of program implementation., However, the ultimate respon-
sibility for funding the Strategy rests with the State of Iowa.

The Environmental Protection Commission and the lowa Department of Natural Re-
sources share with the Governor, General Assembly, other agencies and the cit-
jzens of this state a common goal of protecting Iowa's groundwater. While no
individual or group may support all of the recommendations of the Strategy, it
is generally agreed that the Strategy is an important first step towards pro-
tecting Iowa's groundwater. The Strategy sets a direction. Each reader is
encouraged to carefully consider how he or she may participate in supporting
policies and programs that may he]p assure groundwater protection. The success
of the Strategy ultimately requires the efforts of private citizens, corpora-
tions and government. We must move forward together,







EXECUTIVE SUMMARY

Iowans are heavily dependent on groundwater resources for much of the water
they use in all aspects of their lives. Today, more than 80% of Iowa's citi-
zens believe that their groundwater resources are threatened by contamination
and that more should be done to protect them,

Iowans from all walks of life identified the widespread use of nitrogen ferti-
lizer, herbicides, and insecticides on agricultural fields and threats from
abandoned or uncontrolled waste disposal sites as the most serious threats to
Iowa's groundwater. Underground storage tanks, landfills, and the storage,
handling and transportation of hazardous substances also are viewed as serious
threats to groundwater.

The Environmental Protection Commission makes twenty-seven specific recommenda-
tions on groundwater protection. Fourteen of these recommendations require
legislative action by the General Assembly,

Iowa Groundwater Protection Strategy 1987 recommends that the General Assembly
adopt a goal of nondegradation for Iowa's groundwater. Nondegradation is a
concept which implies that there should be no deterioration beyond existing
water quality conditions. For existing contaminated water, the concept also
implies that there should be improvements in water quality back toward pre-con-
taminated quality. The most desirable method of achieving this goal is to pre-
vent contamination before it occurs.

Iowa Groundwater Protection Strategy 1987 emphasizes public awareness of ground-
water quality as a way of ensuring public confidence in Iowa's water. Such
educational efforts also help lowans make the personal and public decisions
which can continue to improve our water.

The Strategy requires the collection of needed water quality and relevant
health information.

It recommends more detailed evaluations of potential and suspected contamina-
tion sources to better determine their severity, extent and implications.

_ The development and passage into law legislation specifically directed toward
groundwater protection is recommended. For the first time, the importance of
groundwater would be specifically recognized in statute., Responsibility for
protecting it should be assigned to every person throughout all the activities
of society. The legislation should give state agencies needed authority to
protect groundwater from activities and practices which currently threaten it.

The Strategy requires $230 million over ten years to implement. It proposes
$37 million from 0i1 Overcharge Rebate Funds for implementation of the highest
priority portions of the plan. However, significant additional financial com-
mitments are required if full implementation is to be achieved. '

The Iowa Groundwater Protection Strategy 1987 is the first in a projected series
of comprehensive plans which will develop and refine Iowa's groundwater poli-
cies and programs. It sets a positive direction which can protect and improve
our water resources for use in the future.
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INTRODUCTION

In January, 1985, the General Assembly passed water
allocation Tegislation proposed by the Water, Air and Waste
Management Commission as part of the report, State Water
Plan 1985, The legislation concentrated on water quantity
Tssues but contained tanguage requiring development of -a
plan to protect groundwater quality.

1985 Acts of the General Assembly, Chapter 7, Section
3, Regulation of Water Use and Allocation, amended Section
4558 of the Code of Iowa in 1985 to read:

1. The commission shall deliver to the general as-
sembly by January 15, 1987, a plan embodying a gener-
al protection strategy for this state which considers
the effects of potential sources of groundwater con-
tamination on groundwater quality. The plan shall
evaluate the ability of existing laws and programs to

- protect groundwater quality and recommend any neces-
sary additional or alternative laws and programs.
The department shall develop the plan with the assis-
tance of and in consultation with representatives of
agriculture, industry, and public and other inter-
ests, The commission shall report to the general
assembly on the status and implementation of the plan
on a biennial basis,  This section does not preclude
-the implementation of existing or new laws or pro-
grams which may protect groundwater quality.

Thus the legisTation required the Environmental Protec-
tion Commission (as it became known after reorganization} to
evaluate sources of contamination, consider alternatives for
groundwater protection, and make recommendations to the Gen-
eral Assembly.

It is, perhaps, most instructive to note that the leg-
islation sets forth a planning process. The groundwater
protection strategy is to be reviewed biannually. This rep-
resents a foresighted policy because it recognizes the im-
perfection of our knowledge and allows for flexibility,
growth and change. The proposed lowa Groundwater Protection

Strategy 1987 represents only the first report Tn the plan-
ning process. It proposes policy with our 1987 understand-
ings. The agenda it proposes is designed to set a policy
directjon for the present. It must be reviewed biannually
and may be altered to reflect new data, new understandings,
future conditions and changes in public perceptions. Much
of the thrust of this proposed Strategy is -designed to en-
hance Iowan's understanding through research and data col-
lecting activities as well as through public education, so
that an informed public may assist in shaping an evolving
policy. The strategy also proposes contaminant concerns
which should be addressed and general approaches for protect-
ing lowa's groundwater.

Authorization




Public
“tion. during the past decade. Investigations have revealed
“industrial solvents, toxic wmetals, pesticides, and other
“hazardous . substances finding their way into water supplies.
:Nat10na11y, attention has generat]y focused on investiga-
- tions -of disposal sites, either as landfills or lagoons, and
. many of-these sites-are-on the National Pr1or1ty List. These
““have become known- as "Superfund" sites. ~ Iowa has thirteen
- such sites on-the National Priority List. Widespread concern.
- ~for groundwater has - Tead Congress to- propose groundwater
" Amendments - to legislation such as the Federal Insecticide,
-Fung1c1de and Rodenticide Act (FIFRA) and the Clean Water
- Act, and to pass- groundwater amendments to the Safe Dr1nk1ng
Nater Act

Awareness

. -Groundwater contamination . has received national atten-

The Iowa Genera] Assemb1y also has entertained ground-

'5water Jegistation.. ‘Legislation has been passed to establish.

"f'a prototype home- hazardous waste collection program, to

Financial

Support

Scope of Work

_phase-out most - county - 1andf1111ng, to test-municipal water
" supplies . for synthetic organic <compounds and to  develop
-rules for -underground’ storage tanks, Further, the Ground-

. water Fund and the. Hazardous Waste Fund were established as
a means to begin paying for needed programs. Such legisla-
“tive initiatives have been prompted by national concerns,
_ specific local water- supply problems, and significant re-
,'sea;ch results developed -here in Iowa,

- The ."non- po1nt“ contamination issues have: received the

- most attention in: Iowa.. ‘Ongoing research on diffuse, agri-
‘cultural sources of groundwater contamination at Big Spring
“is widely recogn1zed as- providing compelling documentation
- 'of contamination. .Conclusions developed from Big Spring's
-research, as well as from several other Iowa locations, have
‘heen w1de1y presented to various agricultural groups through
. public presentations, meetings and trade magazines as.well
as to the public through television, radio. and newspapers.
But local problems such as superfund sites at Charles City,
Des’ Mo1nes, Council’ B1uffs and elsewhere have a]so rajsed
tflowans concerns."'”-" : :

The U.S. Env1ronmenta1 Protect1on Agency prov1ded fundé

'to support much of. the p1ann1ng activities represented in
Jth1s Strategy., ' _

' The: goa1 of - ther Iowa'Groundwater'PrOtect1on'Strategy

)-1987 s the develiopment of an appropriate coherent assemblage
of policies and programs, derived from the best information
“currently’ available, which can help. protect Towa's ground-_

water resource, Emphas1s is placed upon protection of

-groundwater from contamination, rather than management of
- problems or management. of resources. The Strategy addresses
. anthropogen1c contamination only.  This is contamination

caused by human act1v1t1es. 1t does not address natural

water qua11ty prob]ems. ' . _




The Strategy is aimed at protecting groundwater as a re-
source. It is not a drinking water protection plan. This
distinction is important although it may not be immediately
grasped, Drinking water may be the most important use of
groundwater, but drinking water can be protected by water
treatment, or bottled water, or perhaps by protection of
aquifers on]y Tocally where major users are concentrated.
Such approaches may be viable but would ultimately be very
expensive,  Such approaches would not serve Iowa's large
rural population very well, either. The development of prac-
tices which prevent contam1nat1on at the source, be that
source a storage tank or an agricultural field, seems more
appropriate and prudent. Preventative actions protect 1arge
aquifers and small aquifers as well as deep and shallow aqui-
fers, and may set in place an ethic which can carry over into
all personal and economic activities. Further contamination
is the result of one or many personal actions, The concept
of prevention recognizes that groundwater, per se, is not
drinking water; but it is potential drinking water. It is
also the base flow in our streams: it is a source of life to
plants and animals both common and rare. Most importantly,
the ethic of prevention can protect us from both the known
and the unknown, and it is probably the least expensive way
of ensuring our valuable dr1nk1ng water sources, too.

The Strategy evolved by first evaluating potential
sources of groundwater contamination and the programs de-
signed to manage or control these sources, Technical liter-
ature was reviewed and personal interviews were made with
people managing these programs. Alternative control recom-
mendations were then prépared, These materials were made
avajlable to agency staff and to two committees established
by the Department for this purpose. The Technical Advisory
Committee included representatives from the following insti-
tutions:

Towa Department of Agricultural and Land Stewardship
Division of Soil Conservation
Laboratory Division
Iowa Department of Natural Resources
Environmental Protection Division
Geological Survey Bureau
Towa Groundwater Association
Towa State University
Cooperative Extension Service
Water Resources Research Institute
University of Iowa
Department of Geology
Department of Preventive Medicine
University Hygienic Laboratory
University of Northern Iowa
Iowa Institute for Environmental Education
U.S. Géological Survey
U.S,. Soil Conservation Service




_‘ The Program Advisory Committee was composed of repre-
sentatives from the following institutions:

American Water Works Association, Iowa Section
‘Department of Agriculture and Land Stewardship
Iowa Association of Business and Industry

Iowa Association of Municipal Utilities

Iowa Audubon Council '

Iowa Corn Growers Association

Iowa Farm Bureau Federation
- Towa Fertilizer and Chemical Association

Iowa Irrigation Association

Iowa Natural Heritage Foundation

Iowa Soybean Association

ITowa Water Well Association

League of Conservancy Districts

League of Municipalities

League of Women Voters of Iowa

Sierra Club, Central Iowa Chapter

‘State Association of Counties

Committee participants were open, candid and helpful 1in
spite of time constraints which minimized their contribution,
Their willingness to participate is evidence of the wide-
spread interest in groundwater, They should be utilized
more fully in future planning efforts.

Public input was derived through a public attitude sur-
vey and public meetings. The public attitude survey was
conducted under contract with a private company. Using
standardized techniques, 400 Iowans were polled via telephone
during the period of time September 29 - October 2, 1986.
They responded to questions about sources of contamination,
severity of groundwater contamination and alternatives to
control the problems, This mechanism proved very successful
as a vehicle for deriving input from the public. A summary
of results is presented in Appendix A, Similarly, through
the summer and fall, 1986, at various small group meetings,
lowans were asked their opinions about sources of contamina-
tion in Iowa. These were also valuable for learning how the
public thinks. Five public meetings were held to discuss
general findings and recommendations of the Strategy, as
proposed here. Constructive input was limited by a short
notification time, the inadequacy of public meetings, and a
lack of printed materials., However, comments were very in-
formative. The comments made and questions raised at these
meetings are appended to this report in Appendix B.

Department of MNatural Resources staff suggested the
recommendations to the Environmental Protection Commission.
The recommendations took into account the opinions of the
advisory committee members, other agency staff, and .the pub-
1ic. The final recommendations are, however, the sole re-
sponsibility of the Department and the Commission. The rec-
ommendations were adopted on January 6, 1987, after review
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by a subcommittee of the Commission and significant Commis-
sjon discussions. With presentation to the General Assembly
on January 15, 1987, they become open for discussion, adap-
tation and adoption. They should set the agenda for discus-
sions on groundwater protection.

BACKGROUND INFORMATION

Groundwater is water which saturates soil and rock ma-
terials and is contained within the earth. When it is con-
tained within a surface soil and is above the water table it
is often called soil water, but all water below the perma-
nently saturated water table is appropriately called ground-
water. Aquifers are saturated bodies of rock, sand or gravel
from which water can be extracted through sustained periods
of time by pumping. Aquifers are both porous (have space for
water) and permeable (allow water to fiow at a relatively
rapid rate). Aquifers are highly variable in porosity, per-
meability, areal extent, thickness and depth. In general
they are only known directly from wells developed into them
and inferentially by important geologic investigations.

For purposes of this report aquifers may be divided into
four types: alluvial, drift, bedrock and deep rock. They
are illustrated in Figure 1.

- Alluvial aquifers are saturated sand and gravel depo-
sits filling valleys along rivers and streams. They
are usually named after the river which deposited the
sand and gravel.

- Drift aquifers are saturated sand and gravel deposits
which occur as regular and irregular bodies and are
contained within a mass of clayey glacial drift.
These aquifer deposits formed both within and upon
glaciers, These aquifers are usually unnamed, but a
few buried channels have been named for a place near-
by. The extent of drift aquifers is usually poor1y
known, and they may be very localized.

- Bedrock aquifers are saturated bodies of the uppermost
lTithified rock formation. In Iowa these aquifers are
usually limestone, or dolostone, but may be sandstone.
Near Manson, the bedrock aquifer is formed in volcanic
rocks. These aquifers are usually named by the rock
formation or the formation's geologic age., Often
these aquifers cover vast areas.

Hydrogeology
and
Contamination




- - Deep rock aqu1fers are saturated bodies of 11th1f1ed

- rock which are buried ‘beneath the bedrock. In lowa

- these are genera]]y sandstone,_11mestone, or ‘dolo-

_“stone, They are named for the rock formation or the

age of the rock which is saturated ~.Such aquifers
usually cover: vast areas.r - o

Aqu1tards are bod1es of rock which 1mpede groundwater
flow. They have Tow permeah1]1ty and will not produce water
from a well under -normal pumping.r'They often separate aqui-.
fers . and may surround them. “Like aquifers, aquitards are
h1gh1y variable. The higher the1r clay content, in general,
the more they retard water movement. Aqu1tards do not stop
water movement, they retard it and.they can strongly influ-
'_ence both the d1rect1on and rate of flow. .
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Groundwater recharge comes from rainfall. Alluvial
aquifers or bedrock aquifers may receive recharge within
hours of rainfall if they are immediately beneath a soil sat-
urated by rain. The rainfall infiltrates the soil surface,
percolates through the subsoil and recharges the aquifer be-
low. Drift aquifers, most bedrock aquifers and deep rock
aquifers receive this infiltrating water more slowly. Re-
charge may be measured in weeks or months, commonly years or
decades, often centuries or millenia for deep rock aquifers,
The mechanism is the same though, percolation through soil,
aquitards and other aquifers.

In some areas where limestone lays directly beneath very
shallow soils, groundwater recharge can be very direct. Sur-
face water can flow into holes in the ground (sinkholes) and
recharge the aquifer in a few minutes or hours, Such re-
charge is restricted to regions called karst areas which oc-
cur in primarily northeast Iowa.

Although direct surface water recharge to groundwater is
relatively excepticnal, groundwater interaction with surface
flow is the rule. Groundwater continuously discharges to
rivers and streams. Thus, in periods of 1ittle runoff (mid-
summer, mid-winter) surface water quality is a reflection of
grogndwater quality. Surface flow and groundwater are insep-
arable, - ‘

Each of the aquifer types are susceptible to anthropo-
genic contamination, but the potential of each type is dif-
ferent., Highly susceptible to contamination are alluvial
aquifers and bedrock aquifers in karst regions or where sur-
ficial aquitards are thin. Recharge through soils can be
measured in days to years, and water quality in these aqui-
fers could respond on such time scales. Water quality in
bedrock aquifers of karst regions can change on time scales
measured in minutes and hours when surface water enters sink-
holes. As aquitards get thicker, contamination responses are
less 1ikely to occur and contamination may not appear for
years. Thus, shallow drift aquifers, may reflect contamina-
tion from the past decade, but deeper aquifers within the
drift may not, Similarly, bedrock aquifers may reflect con-
tamination in one area, but not in another because of slower
contamination movement where aquitards are thicker or tess
permeable. Deep rock aquifers are generally not contaminated
from anthropogenic sources except where major fracturing has
occurred, where abnormal recharge has occurred because of
major water withdrawals, or where poor well construction or
improper well abandonment has taken place. Figure .l shows
schematically which aquifers may be experiencing contamina~-
tion today. It should be noted that local water quality
within an aquifer can vary greatly. No perfect prediction
of contamination is possible. However, in a general sense, a
model exists -for assessing the vulnerability of . aquifers in
Iowa,




Natural
Groundwater
Quality

~Natural water quality varies considerably in Towa. In-
organic ions, such as magnesium, calcium, sodium, iron,
fluoride and sulfate are common constituents of groundwater.
Such ions vary depending upon the rocks which contain the
water and the depth of the aquifer, The higher the concen-
tration of dissolved ions, the less desirable the water for
most purposes. _ -

In Iowa water quality often mirrors water quantity. The.
best natural groundwater quality is generally in alluvial
aquifers, These generally ‘have dissolved inorganic ions
that are measured at less than 500 milligrams per liter
(mg/1).  Alluvial aquifers, associated with major rivers,
can yield large amounts of water as well. Drift aquifers
lTocated throughout the state are highly variable in both
quantity and quality. Often :however, they provide good
quality water which is adequate for domestic uses. Rock
aquifers in northeast Iowa have good water (Figure 2). Dis-
solved solids are generally less than 1,000 mg/1 and yields
may be high. The bedrock aquifers in northwest Iowa have
fair water quality. Generally, the total dissolved solids
in the water is less than 1,500 mg/l, but such levels are
less than desirable and water yields are somewhat variable.
Southern Iowa generally has lowa's poorest water. Ground-
water extracted from bedrock often exceeds 1,500 mg/1 and
yields are highly variable, Regardless, most of Iowa's
groundwater resources are usable with little or no treatment
necessary to provide safe water.

Radioactivity is another natural contaminant in ground-
water, It is derived from the natural radioactivity trapped
in the rocks where the water is stored. While it is not
generally excessive, it is highest in deep rock aquifers,
especially in central and southeast Iowa, where it often ex-
ceeds drinking water standards.

Figure 2. MNatural Occurring Water Quality in Towa's Bedrock
Aquifers. Source: Iowa Geology 1984,




Iowa is highly dependent on groundwater as a source of
drinking water and also for other uses as well. Recent es-
timates suggest that 70 to 80 percent of all lowa's drinking
‘water comes from groundwater. In addition, it accounts for
80 percent of the water used for irrigation, 70 percent of
the water used for livestock, and 70 percent of the water
used by industry (excluding power generation).

Alluvial, drift and shallow, unprotected bedrock aqui-
fers are the most susceptible to contamination from anthro-
pogenic sources., This can be seen in Table 1. '

Table 1. Pesticide Contamination by Aquifer Type.
‘Source: Kelley et, al. 1986.

‘Alluvial - 39%
" Drift 14%
Bedrock {less than 50' of cover) 62%
Deep Rock and Bedrock 4%

{more than 50' of cover)

Alluvial and deep aquifers supply the greatest number of
people with drinking water (Table 2). Assuming that the data
in Table 1 represent conditions for the entire state, a rough
estimate of potential exposure of Iowa's population to pesti-
cides through groundwater can be made by multiplying the per-
cent of contaminated samples times the population indicated
under each of the four aquifer types. This computation
yields the total potential exposure of rural and municipal
groundwater users in Iowa to pesticides which is approximate-
1y 715,000 people. This is about 29% of those using ground-
water. This estimate. tends to be substantiated by sampling
which has shown that forty percent of all wells sampled for
pesticides have been found to contain pesticide residues. In
addition to pesticides, a number of other synthetic organic
compoynds have been identified through a Timited program of
groundwater sampling., These are identified in Table 3. It
seems that a substantial percentage of lowa's population may
be exposed to contaminants through their drinking of ground-
water, The contaminant exposure rises substantially when us-
ers of surface waters are added.

Groundwater Use
and Potential
Exposure to
Contamination




Table 2. Estimated Iowa Population Served by Water Source.
Source: Towa Department of Natural Resources.

Water Source = ‘Municipal* Rural**
Surface Water 810,000 - < 5,000
Groundwater

Alluvial - - 1,010,000 30,000
Prift : o 220,000 ' 140,000
Bedrock {upper) 280,000 40,000
Deep Rock (and 1,040,000 500,000

deeper bedrock)

*Municipal populations total more than population
served because many water systems tap several water
sources to supplement quantities, blend quality, or

~ for use as a standby or auxillary supply.
~**The data wused may tend to over estimate usage from
deeper rock aquifer sources.

Table 3. Synthentic Organic Compounds Other than Pesticides
Found in lowa Groundwater. Source: Kelley, 1985,

" Organic Solvents
Tetrachloroethene
Trichloroethene
1,1,1-Trichloroethane

" 1,1-Dichloroethane
Methylene Chloride
Carbon Tetrachloride
1,1,1-Dichloroethyene
1,2-Dichloroethane
1,1,2-Trichlorethane

Aromatics
‘Benzene
- Toluene
Styrene
Ethylbenzene

Trihalomethanes
Chloroform
Bromoform
Bromodichloromethane
Dibromochloromethane
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EVALUATION OF CONTAMINANT SOURCES
AND PROGRAMS FOR THEIR CONTROL

Thirteen potential sources of groundwater contamination
were evaluated during the development of this plan. They
were selected from those sources widely beljeved to be among
the most important in lowa. Many potential sources were not
carefully evaluated because they were thought to be inconse-
quential, Information believed to be most relevant to policy
analysis was compiled. This included collection of data
about the sources' geographic distribution and documented or
possible affects on groundwater quality. Health impacts were
considered as well, especially as contaminant distribution
and population exposure relates to potential health risk,
Furthermore, existing laws and programs were evaluated to de-
termine inadequacies and needed improvements. Brief synopses
of each are included below for informational purposes.

Five potential sources of contamination werée identified
which are generally considered to originate at the top of
the soil. Thus, these sources are either spread or spilled
onto the ground surface.

Concentrations of nitrate in Towa's groundwater have
increased steadily over the last twenty years in response to
the increased use of commercial nitrogen fertilizers (Figure
3). Because high concentrations of nitrate in drinking water
have a known adverse effect of human health, the trend of the

last two decades is a concern to both the general public and.

government officials,

The primary reason for concern is the health of infants
who are susceptible to methemoglobinemia when exposed to
high concentrations of nitrate., Methemoglobinemia is a con-
dition which 1imits the supply of oxygen to the tissues,
particularly in infants, producing a bluish color of the
skin, However, health concerns over exposure to high con-
centrations of nitrate in drinking water go beyond the risk
of methemoglobinemia. Several studies have implicated ele~
vated concentrations of nitrate in drinking water with other
health concerns. including ing cardiovascular disorders,
hypertension, increased cancer rates and congenital malfor-
mations. _

’ Nitrate in groundwater has become a pervasive problem
in Iowa. Under the Safe Drinking Water Act a standard of 45
mg/1 (milligrams per TJiter) has been established and all
public water supplies were required to monitor for nitrate
in the water they serve to the general public. Currently,
about 50 of Iowa's approximately 2,000 public water supplies
exceed the standard and another 260 are experiencing prob-
lems of increased concentrations, In addition, about twenty
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percent of the samples submitted from private wells exceed

the standard. The significant increase in nitrate concen-

tration in these wells and the number of wells experiencing
problems, has taken place since the mid 1960's (Figure 4.)

12 12

Fertllizer — Nitrogen
Use

in lowa

(I 100,000 fons. N)
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Figure 3. Ferti]izer-Nitrogen Use in Iowa.
Source: Jowa Geology 1986.
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Figure 4, Nitrate Concentrations 1n.Groundwater. Data
plotted is from four public water supplies and
Big Spring. - Source: Jowa Geology 1986.
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Research has shown that increasing nitrate concentra-
tions in groundwater are directiy related to the increased
use of nitrogen fertilizers in modern agricultyral practices.
On an annual basis, over one million tons of commercial ni-
trogen fertilizers are applied to Iowa fields, making Iowa
the second highest user in the United States (Figure 5).
- When one considers all the typical sources of nitrogen to
cropland in Iowa an average balance shows: fertilizer-N con-
tributes 55-60%; manure-N 10-15%; Jegume-N 8-10%; rainfall-N
5-8%: and soils 15-20% (Figure 6). Of these sources only
fertilizer-N has grown significantly in the last fifteen
years.,:

1,100,000 Total Nitrogen Fertilizer Applied
‘ : ' By State (1984)

1,000,000
900,000
800,000

700,000

Nitrogen {tons)

600,000

500,000

400,000

Illinois lowa Texas Nebraska Calif.  Konsas

Figure 5. Total Nitrogen Fertilizer Applied by State.
Source: U.S. Department of Agriculture, Agri-
cultural Statistics, 198b.

'Oof_ Typical Sources of Nitrogen
in the Environment
80 -
= 60~ 55-60
i3]
e
& 404
. 15-20
20
0

N-Fert Manure Legume Rain Soils

Figure 6. Sources of Nitrogen in the Environment.
Source: Hallberg, 1986.
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Although in small geographic areas surface runoff into
sinkholes, ag-drainage wells and improperly abandoned wells
does contribute to nitrate contamination of ground water,
research has shown that the major mechanism by which nitrate
moves to ground water is infiltration through the soils,
Research suggests that between 30 and 50 percent of the ni-
trogen applied to Iowa's fields is lost. This loss repre-
sents a $200 million cost to farmers each year, '

Wells developed into shallow aquifers appear to be the
most vulnerable to nitrate contamination., Shallow bedrock,
shallow drift and '‘alluvial wells are the most frequently
affected by nitrate leaching from the surface (Table 4),

Table 4; Average Nitrate Concentration (as N03) by Well
Depth,  Source: Rajagopal, 1984,

”e}}egggth Public | Non-Public

25 21 15

50 12 19

75 13 13
100 9 10
125 5 6
150 5 7
175 4 5
200 3 2
225 6 3
250 5 3

> 250 1 1

High nitrate concentrations in drinking water are gen-
erally perceived by the public to be a serious problem.
There has: been concern expressed by the public in cases
where nitrate concentrations have exceeded the standard in
groundwater or drinking water. Although there is no total
agreement on just how significant a threat to human health
elevated nitrate concentrations pose, data suggest that con-
cerns are justified, Cases of nitrate poisoning do occur
each year in the midwest., More importantly perhaps is the
jdea that nitrate contamination of an aquifer clearly demon-
strates the vulnerability of the resource to other contami-
nants that may move through the soils in a similar fashion,

The size of the population at’'risk from ingestion of
water with elevated concentrations of nitrate is signifi-
cant. Approximately 762,000 people, or about 26 percent of
the state's population, are served by water with high con-
centrations of nitrate above 22 milligrams per Titer.
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Current agricultural practices have resulted in. the
problem that exists today. Without changes in the way ni-
trogen fertilizers are managed, it is reasonable to expect
the problem to continue and expand to include both increas-
ing concentrations and deterioration of deeper aquifers,

Controlling nitrate concentrations in ground water is

dependent upon controlling nitrogen input such as excessive

nitrogen fertilizer application. Although there are several
nitrogen sources contributing nitrate to the environment,
only a few are controlled. State and local regulations con-
trol minor sources of nitrogen input such as septic systems,
wastewater treatment and feedlot operations. However, no
controls are placed on the single largest source - nitrogen
fertilizer., Recently educational efforts have been under-
taken by the Cooperative Extension Service to help raise the
awareness of the problem within the farm community, but bud-
get constraints threaten to adversely impact on such ef-
forts,

The most press1ng needs related to controlling the prob-

lem of nitrate in groundwater are:

1, dinformation on more efficient use of nitrogen ferti~
1izer and best management practices to effectively
control nitrogen losses to the environment, and

2. development and implementation of effect1ve pub11c
education programs.

Pesticides are now being detected in low concentrations
in the shallow groundwaters of the state. The implication
to human health from exposure to these compounds is unknown,
Although quantitative evidence is lacking regarding the ef-
fects to human health resulting from chronic exposure to
pesticides, their presence in groundwater clearly indicates
water quality degradation, Such degradation is occurring to
susceptible aquifers statewide.

Pesticides were first detected in groundwater in Iowa
in 1974 by researchers from Iowa State University. Subse-
quently, researchers from a number of federal and state
agencies undertook work to better define the problem of pes-
ticides in Iowa's groundwater. Perhaps the most definitive
studies were conducted by the lowa Geological Survey in
northeastern Iowa. Based on this work and the corroborative
findings of other research, it is now clear that the most
commonly used pesticides are leaching to shallow groundwater
across the state,

In total, nine herbicides and three insecticides have
been detected in monitoring conducted in Iowa. The most
frequently detected compounds have been the herbicides
(Table 5). Generally, concentrations have been less than
one part per billion. Concentrations have been known to be
as much as 100 times greater in local areas where the con-
tamination has been found to be influenced by leaching from
chemical storage and handling facilities., Data clearly in-
dicate, however, that the major source of these pollutants
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]
is their widespréad application to farm fields and subse-
quent movement through the soils to the groundwater. Iowa
is a major -user of pesticides, perhaps second only to
California in total use (Figure 7). The total Tloss from
Iowa's farm fields does not appear to be large, usually be-
tween -one and five percent of the 75 million pounds of ac-
tive ingredient applied annually. However, the economic jm=
pact of such a loss is substantial; representing between a
$5 and $23 million Toss annually. The loss to groundwater
is less thar one percent, perhaps 0.1 percent.

Table 5. Summary of All Pesticide Data from Groundwater
Quatity Monitoring in Iowa. Source: Kelley,
et. al., 1986,

Common Name Maximum Months
Active Concentration % of All of
Ingredient ug/1 Detections Detections
Herbicides :
alachlor 16,6 15% : 1-12
atrazine 13.0 72% - 1-12
chloramben* 1.7 < 1% 7
cyanazine 13.0 13% 1-12
dicamba* 2.3 2%%* 3,6,7
metolachlor 9.0 9% - 1-7,11,12
metribuzin 4.4 10% 1-12
trifluralin 0.2 1% 6,7
2,4-D* 0.2 < 1% 4
Insecticides
fonofos 0.9 2% 4,6,8
sujprofos** 1.4 < 1% 5
- terbufos*¥* 12,0 5% 5

. *Analyzed by different methods, thus N not the same
as for other herbicides. :
**Only detected in one study.

The implications to human health. from the long-term
- exposure to pesticides are unclear. And it. is because of
our lack of knowledge that concern has been -expressed by
both the scientific community and the general public. Cer-
tainly, various epidemiological studies suggest cause for
concern., For examp]e, mortality from some cancers is sig-
nificantly higher in rural farm families. Aggregate county
studies reveal that excessive morta11ty from leukemia, mul-
tiple myelonia and non-Hodgkin's Tlymphoma is- consistently
associated with area herbicide usage,
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Figure 7, Estimated Pesticides Applied by State, Source:
Gianessi, 1986, The California total was amended
through personal commucations with Gianessi,

Because we are only just beginning to look for and find
pesticides in groundwater and drinking water and chronic
health disorders may require twenty years or more to mani-
fest themselves, the ijmpacts to public health and the re~
sulting economic ramifications may not be known for years,
However, a substantial part of the state's population may be
at risk. Based on the monitoring to date of 60 public water
supplies at least 785,000 people, or 27 percent of the
state's population are periodically consuming Tow concentra-
tions of pesticides via their drinking water (Figure 8).
About twenty percent of these people are 1ikely to have been
exposed to residues of more than one pesticide. For those
- Towans using private water wells for their drinking water

wells for their drinking water the situation may be worse.
Private rural wells may be shallow and located in vulnerable
geologic settings., Researchers have observed an association
between the detection of pesticide residuals in wells and
elevated nitrate concentrations. In some counties in west-
ern Iowa up to 70 percent of the samples submitted from pri-
vate wells have been found to exceed the nitrate standard,

_ Current pesticide management practices have resulted in
the problems presently being experienced in Iowa. Without
changes in these practices, it is reasonable to expect the
problem to continue and expand both in geographic area and
into deeper aquifers,
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Figure 8. Pesticides in lowa's Groundwater.
Source: Hallberg, 1986.

Pesticides are registered for. use in Iowa by both the
U.S. Environmental Protection Agency and the Iowa Department
of Agriculture and Land Stewardship. Both agencies have the
authority to ban or restrict the use of a pesticide. In ad-
dition to the registration of pesticides, the Iowa Depart-
ment of Agriculture and Land Stewardship certifies individu-
als who wish to apply pesticides. There are approximately
50,000 farmers certified to apply restricted use pesticides,
In addition, around 5,500 commercial applicators are certi-
fied, = About 4,400 of these commercial applicators are in-
volved in the use of agr1cu1tura] chemicals, the remainder
are involved in urban lawn care and pest control enter-
prises,

Major needs which should be addressed concerning this
contaminant source include:

1. information on the health implications related to

long-term exposure to low pesticide concentrations,

2. additional information on effective pesticide man-
 agement practices which can minimize further the
pesticide movement into groundwater,
more effective education programs, and
an annual record of pesticide use in Iowa.

=W
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The application of animal wastes, industrial wastewater
treatment sludges and product residues, and municipal sewage
sludge onto the 1land surface has become a common practice,
It is an alternative to burning or discharging our wastes to
rivers and streams.

At land application s1tes soluble constituents such as
chlorides and nitrates will move through the scil and into
groyndwater, Other contaminants may become soluble under
Tow pH conditions or simply exceed the absorptive propert1es
of the soil and move into the groundwater.

Historically animal wastes have been looked upon as a
valuable resource in providing necessary nutrients for plant
crops. Unfortuantely, all too often Tand application is
more of a disposal method rather than a resource management
technique, and the emphasis is on convenience and time sav-
ings rather than on effectiveness. Under such management
nitrogen credits may not be taken when manure is applied.
As a result, commercial nitrogen fertilizer may be exces-
sively applied because the manure nitrogen and the commer-
cial fertilizer nitrogen are additive sources.

At the end of 1984 there were nearly fifteen milliion
head of hogs and six million head of cattle on lowa farms.
On a daily basis, that equals 4,06 million cubic feet of
cattle manure and 1.7 willion cubic feet of hog manure.
Over one year this manure could potentially produce enough
nitrogen to fertilize 4,7 million acres of corn at 160
pounds per acre, Unfortunately, much of the nitrogen is
lost before it is applied to the fields. Depending upon the
handling, storage, and spreading techniques used, anywhere
from 20 to 90 percent of the nitrogen content is lost. Im-
proved manure handling techniques would preserve more of the
fertilization value of the manure,

There are 22 permitted land app11cat1on projects for
the disposal of municipal wastewater sludges. These may
contain hazardous substances such as Tead or cadmium. These
projects plan to utilize 8,300 acres of cropland over the
planned terms of the projects., Other municipalities may
also land apply sludge, but their sludge has been tested and
found to have no hazardous contaminants. There are 675 mu-
nicipal wastewater treatment plants in the state and many of
them land apply their sludge. At 200 acres per wastewater
plant, approximately 135,000 acres of cropland have been
used for the disposal of sewage sludge. A typical nitrate
nitrogen value for municipal sludges in the Midwest in 140
ppm or 2.5 percent total N by weight. Several municipal
wastewater plants also spray irrgate their final effluent
for additional treatment. '

Industrial Tand applications of waste occur the Teast
frequently. The Department of Natural Resources has been
notified of nine such operations in the state. The waste
material varies from paunch manure to lime sludge. Several
industries spray dirrigate their wastewater for additional
treatment following a lagoon.
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